Surfaces containing immobilized proteins or peptides, for example used in protein or peptide biochips, offer a wide range of applications varying from diagnostic tests to biomarker discovery. 1 However, the preparation of biochips can be challenging due to the potentially sensitive nature of peptides and proteins. Most commonly applied immobilization strategies rely on aspecic techniques involving either physisorption, or random covalent attachment, via side-chains to a functionalized surface. 2 In this way effective immobilization is obtained, although, due to the lack of orientational control during conjugation, diminished binding activity can lead to false negative results. As a consequence, increasing interest has been focused on site-specic ligation based on the introduction of a non-native functionality into peptide and protein structures as an anchor point for conjugation. 3, 4 A seminal contribution in this eld of bioorthogonal ligation is the Staudinger ligation, performed with an immobilized phosphane group and an azidelabeled peptide or protein. [5] [6] [7] Another example entails the photoactivatable immobilization of biomolecules to surfaces based on the selective reaction of a free thiol with an alkene or alkyne, the so-called thiol-ene reaction. 8, 9 Arguably the most applied technology for peptide or protein conjugation, outside traditional amide bond formation, is based on the coppercatalyzed azide-alkyne cycloaddition (CuAAC). However, the indispensible use of toxic Cu(I) may be disadvantageous for certain biological applications. 10, 11 The requirements for controlled ligation, i.e. fast, specic and selective reaction under mild conditions, is perfectly ful-lled by strain-promoted cycloadditions. Such cycloadditions, based on the high reactivity of ring-strained alkenes and alkynes, are now commonly recognized as versatile tools for selective bioconjugation in solution, in particular within a chemical biology context. 12, 13 In addition, some applications of strain-promoted alkyne-azide cycloaddition (SPAAC) for surface modication have been reported. [14] [15] [16] [17] [18] [19] Because SPAAC can serve such a wide range of applications, the search for the optimal balance between reactivity, stability and water solubility of the cyclic alkyne is continuously driving the research on strainpromoted cycloadditions. Aer Bertozzi and co-workers rst recognized the potential of cyclooctynes for bioconjugation, several other analogues with improved features have been developed, 20,21 with contributions from our own group involving BCN (bicyclo[6.1.0]nonyne, 1) and DIBAC (dibenzoazacyclooctyne, 2, Fig. 1A ). 22, 23 While DIBAC combines high stability with exceptional reactivity with aliphatic azides in particular, BCN on the other hand is exceptionally reactive with tetrazines. 24 In addition, BCN has the advantage of being less lipophilic, hence more suitable for application in aqueous environments, and signicantly easier to synthesize.
Here we report a strategy for the local functionalization of glass surfaces with biomolecules based on SPAAC with BCN and DIBAC (Fig. 1B) . In order to obtain patterns, reactive microcontact printing (mCP) 25 of either an azide or a cyclooctyne is explored. Subsequently, several relevant biomolecules were readily introduced via SPAAC without the need of additives, and corroborated by uorescence measurements.
We set out to explore the modication of glass plates by a two-stage strategy involving rst the covalent attachment of an azide or a cyclooctyne, followed by SPAAC to introduce the biomolecular functionality of interest, covalently attached to a cyclooctyne or an azide (Fig. 1B) . In order to monitor the progress of the SPAAC surface modication in a straightforward manner, the use of a uorogenic substrate, such as coumarin 3 (ref. 26) ( Fig. 1A) , was considered preferential, because falsepositive results due to non-covalent interactions should be absent. 27, 28 As expected, subjection of a solution of coumarin ester 3a to SPAAC with bicyclononyne (BCN, 1a) led to strong 406 nm uorescence upon excitation at 340 nm (see ESI † for details).
Subsequently, glass slides modied with a TPEDA monolayer, prepared according to a literature procedure, 29 were patterned with the azidocoumarin 3b using reactive microcontact printing (mCP) (Scheme 1). To this end, non-oxidized PDMS stamps were inked with the active ester derivative of coumarin (3b) and applied onto the TPEDA-glass slide, affording functionalized glass type A by standard amide bond formation.
Alternatively, the TPEDA-glass was treated with the BCNderived active carbonate 1b (not depicted), however due to the fact that the latter BCN-containing surface turned out to be of low stability and reproducibility (see ESI, Fig. S6 †) , we have focused entirely on the versatility of the azide-containing surface type A in subsequent studies.
Having the azido-functionalized glass plates in hand, we were ready to explore the on-glass SPAAC modication. Thus, the azido-coumarin-containing glass surface type A was initially incubated in a solution of non-functionalized BCN (1a), yielding the expected formation of triazole-linked surface A-1a, as established by the strong increase of uorescence already aer 20 min with the expected pattern ( Fig. 2A) . The clear pattern showed the functionalized, uorescent regions containing the triazole-linked coumarin-BCN conjugate, while the black lines have only the amine functionality. Prolonged incubation times gave no further increase in uorescence, indicating a high degree of functionalization in an efficient manner already aer 20 min. In addition, XPS analysis at the different stages of functionalization gave another proof because the C/N ratio changed clearly and even more indicative was the presence of uor in the XPS analysis of the last step due to the use of a uorcontaining BCN derivative in this case (see ESI, Fig. S5 †) .
Similarly, incubation of surface A with a solution of DIBAC (2a) gave the triazole-modied surface A-2a-incub. In this case the uorescence intensity increase upon functionalization was less (about half) in comparison to incubation with BCN, which is attributed to the increased steric bulk of DIBAC in combination with its lower reactivity for aromatic azides, versus aliphatic azides, 30 thereby preventing dense packing. The lack of residual accessible azides aer incubation with DIBAC was corroborated by the fact that subsequent incubation with BCN did not lead to further increase in uorescence intensity (see ESI, Fig. S7 †) . In addition, instead of incubation, orthogonal reactive mCP of DIBAC (2a) with a different pattern on the printed coumarin surface, showed a similar intensity with the desired pattern (surface A-2a-mCP).
Having established the conceptual validity of SPAAC on glass, we set out to explore bioconjugation events on a surface. In particular, we were interested to explore the functionalization with biotin, for subsequent detection by biological interaction with streptavidin, and the covalent attachment of a GFP, an inherently uorescent protein, in a specic manner. To this end, patterned azidocoumarin surface type A (ref. 31) was rst incubated with BCN-biotin 4 in methanol for 30 min, leading to glass surface A-4 ( Fig. 3D) .
As above, generation of blue emission upon incubation with BCN-biotin 4 conrmed the on-glass triazole formation and thus the presence of triazole-linked biotin on the surface (Fig. 3A) . At this stage, in the absence of labeled streptavidin, no green uorescence was observed. Next, the presence of biotin on the surface was investigated by exposure to streptavidin labeled with AlexaFluor488 (AF488), followed by uorescence microscopy analysis. Indeed, the clear localization of green emission (Fig. 3B ) aer incubation with streptavidin-AF488 can be taken as an unequivocal indication of the presence of biotin and its availability for the biomolecular interaction with streptavidin. The specicity of the biotin-streptavidin interaction was further proven in a control experiment by subjecting glass-plate type A (bearing solely azidocoumarin) to the same incubation conditions with streptavidin-AF488. Indeed, both blue and green uorescence were negligible in this case (see ESI, Fig. S8 †) . Incubation of the biotin-containing glass plates (A-4) to a solution containing biotin and streptavidin (Fig. 3C ) also showed uorescent patterns although with a strongly reduced intensity (about 33% of B).
Recently, the introduction of BCN in GFP via genetic encoding of unnatural amino acid 6 was described by us, 32 as well as others. 33 The site-specic introduction of BCN into GFP by a generic protocol like genetic encoding is serving here as a show-case for the selective and reagent-free protein conjugation to functional azides (Fig. 4C) .
Therefore, the azido-coumarin glass plate A was incubated with GFP-BCN (5) for one hour to afford the GFP-functionalized surface, as conrmed by the blue and green uorescence microscope pictures (Fig. 4) . The fact that the patterning of the surface is not as homogeneous as expected may be explained by partial denaturation of GFP during sonication aer the SPAAC reaction. Nevertheless, the intensity and presence of both green and blue uorescence unambiguously proves the covalent attachment of the protein to the surface.
Conclusions
We have successfully coated and patterned glass plates with azide or cyclooctyne functional groups, and shown the versatility of such glass plates for further functionalization by SPAAC. In particular, modication of the glass surface with a uorogenic azidocoumarin and subsequent reaction with either cyclooctyne BCN or DIBAC afforded a straightforward read-out owing to the concomitant formation of a uorescent linking moiety. The azidocoumarin-containing glass was subsequently functionalized with BCN-biotin or with GFP-BCN to show the bioorthogonality of the SPAAC reaction for attachment of sensitive biomolecules to glass. Such functionalized surfaces were used for the detection of biomolecular interactions in water. The latter aspect may nd application in a wide variety of areas, such as microarrays and biosensors.
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